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• Linear Function 
                Submodular Load Balancing        (SF08)     
                Submodular Vertex Cover    (GKTW09, IN09) 
• Cut Capacity Function  
                 Symmetric Submodular Minimization  (Q98) 
                 Submodular Partition                   (ZNI05) 
                 Submodular Sparsest Cut           (SF08)  
                 Submodular Multiway Partition  (CE11) 
• Coverage Function  
                 Supermodular/Submodular  Linear Ordering   
Min Sum Set Cover  
Feige, Lovász, Tetali (2004) 
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Feige, Lovász, Tetali (2004) 




,HDelete      from 
Min Sum Set Cover  
• The greedy algorithm approximates MSSC 
within a ratio of 4.  
• NP-hard to approximate MSSC within a ratio 
better than 4.  
Feige, Lovász, Tetali (2004) 
Find a linear ordering      minimizing    
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Min Sum Vertex Cover 
• An LP-rounding algorithm approximates 
MSVC within a ratio of 2.  
• There exists a constant             such that it 
is NP-hard to approximates MSVC within 
a ratio better than  
1
.
Feige, Lovász, Tetali (2004) 
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A 1.79-approximation algorithm  
based on multi-stage LP-rounding. 
Supermodular Linear Ordering 
Supermodular VVf R2:
Linear Ordering 
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Supermodular Linear Ordering 
MSSC is a special case.  
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Supermodular Linear Ordering 
Optimal Solution Greedy Solution 
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Multiple Intents Reranking  
Azar, Gamzu, Yin (2009) 
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minimizes 
Multiple Intents Reranking 
• An              -approximation algorithm  
• For non-increasing weight vector, 
                      a greedy 4-approx. algorithm. 
• For non-decreasing weight vector, 
                      an LP-rounding 2-approx. algorithm. 
• Constant factor approximation algorithm    
                      Bansal, Gupta, Krishnaswamy (2010), 
                      Skutella & Williamson (2011).  
Azar, Gamzu, Yin (2009) 
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Multiple Intents Reranking  
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Nonincreasing :)(ew :   ef Supermodular 
Nondecreasing :)(ew :   ef Submodular 
Submodular Linear Ordering 
Submodular VVf R2:
Linear Ordering 
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Convex               
Lovász (1983)              
Submodular Linear Ordering 
Convex Programming Relaxation 
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subject to    
Feasible,   
Submodular Linear Ordering 
Optimal to the Convex Programming Relaxation :
x
Linear Ordering s.t.  :





































Submodular Linear Ordering 
Monotone Submodular :f




























































Minimum Linear Arrangement  
Graph ),( EVG 
Cut Capacity Function : })(|{: ivvSi  





























Minimum Linear Arrangement 
• An                factor algorithm 
                                                     Rao & Richa (1998) 
• An                                factor algorithm  
                                                     Feige & Lee (2007) 
• Hard to approximate within a factor of  
                        under UGC.   




Submodular Linear Ordering 
No polynomial algorithms can  
achieve a ratio better than 2 for  
symmetric submodular functions. 





































• An Approximation Algorithm for General 
(Symmetric) Submodular Linear Ordering?  
 
• A Common Generalization of  
    Supermodular/Submodular Linear Ordering 
and Multiple Intents Reranking?   
